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The causes of childhood leukaemia
Delayed exposure to infection may trigger leukaemia after prenatal damage to DNA
About one child in 2000 develops leukaemiabefore the age of 15: most cases are acute lym-phoblastic leukaemia.1 Childhood leukaemia
is a biologically diverse disease, so several pathways to
its development are possible. All probably combine
genetic susceptibility and exposure to external risk fac-
tors at a time when the child is vulnerable.
Children with Down’s syndrome and certain other
genetic syndromes are much more susceptible to
leukaemia, but such conditions are involved in
relatively few cases.2 Bigger babies3 and boys1 have a
slightly higher risk.
Many external factors have been reported as associ-
ated with an increased risk of childhood leukaemia.4
Somemay be causal, but somemaymerely be correlated
with the actual cause. Other apparent associations may
be due to chance or bias: researchers doing case-control
studies often have difficulty selecting controls who are
representative of the population. Factors are more likely
to be causal if they are biologically plausible, are seen
consistently in different populations, and have a
dose-response relation to the risk of leukaemia.
In the 1950s a very large case-control study of
childhood cancer in the United Kingdom found that
radiography of a mother’s abdomen during pregnancy
increased her baby’s risk of developing childhood leu-
kaemia by about 50%.5 This association is now widely
accepted as causal: it was confirmed by meta-analysis
of studies in several other populations; babies have
higher risks if their mothers have higher doses of
radiation; and similar effects were seen in animal
experiments.w1 Practically no pregnant women have
abdominal radiography nowadays.
Analysis of high quality data from population based
registries in many different countries shows that the spa-
tial and temporal distribution of acute lymphoblastic
leukaemia is consistent with the possibility that an unu-
sual pattern of exposure to infection increases the risk.6
Over the past decade, evidence has accumulated to sup-
port two hypotheses, which are not mutually exclusive,
about the role of infections.
Kinlen suggested that an influx of population,
especially into a previously isolated rural area, could
promote epidemics of common infections—probably
viruses—to which childhood leukaemia is a rare
response.7 In eight major studies in settings with
extreme population mixing—new towns, commuter
belts, major construction sites, and country areas used
for wartime evacuation or for military camps—Kinlen
found an increased incidence of childhood leukaemia.
Other researchers have confirmed these findings,
found that the risk increased as the level of population
mixing increased, and estimated that population
mixing could be involved in up to half the cases of
childhood leukaemia in rural areas.6
Greaves proposed that common acute lymphoblas-
tic leukaemia (the major subtype) is caused by at least
two events: one before birth which is then followed by a
challenge from infections after protection from them in
early postnatal life.8 Recent molecular evidence has cor-
roborated this theory. About a quarter of children with
acute lymphoblastic leukaemia have fusion of TEL and
AML1 genes, and these chromosomal translocations
have usually developed before birth. But many more
babies have these preleukaemic cells in their cord blood
than actually develop leukaemia, so postnatal events
must be necessary to trigger the disease. Further, epide-
miological studies indirectly support the theory that
early protection from infection increases a child’s risk of
leukaemia. Studies have had to use surrogates—such as
use of day care—for early exposure to infections. Many
have found that babies who go to day care at a young age
have a lower risk of developing childhood leukaemia
than others. A report by Gilman et al (p 1294) in this
issue strengthens this evidence.9 It found a dose-
response relation: babies had greater protection from
leukaemia if they had more contacts with other infants.
Many reports that other factors increase the risk of
leukaemia have not been consistently replicated.4
Factors supported by more consistent evidence
include being born to a mother over 35 years of age or
to one who previously had spontaneous abortions, not
being breast fed, having specific haplotypes and genes
associated with DNA repair, and certain paternal occu-
pational exposures.2 6 10
For over 20 years, extremely low frequency
magnetic fields—which are produced by alternating
electric currents such as those found in high voltage
power lines, electric appliances, and wiring—have been
suspected of increasing the risk of childhood
leukaemia. In 2000 a meta-analysis of nine studies did
not find any increase in a child’s risk of leukaemia in
magnetic fields averaging under about 0.4 T, but
above this level the risk doubled.11 However, the
authors suspected that this apparently increased risk
could have been due partly to bias in the selection of
controls. A magnetic field of 0.4 T is very weak and
Additional references w1 and w2 are on bmj.com
Saturday 4 June 2005
BMJ
Papers pp 1290,
1294
BMJ 2005;330:1279–80
1279BMJ VOLUME 330 4 JUNE 2005 bmj.com
amounts to about 1% of the earth’s magnetic field,
which affects all of us all the time. Studies of animals
and of cells in culture have found no evidence of a
plausible biological mechanism whereby such very
weak magnetic fields could influence the development
of leukaemia.w2
In this issue (p 1290), Draper et al report on a very
large case-control study, which found that a child’s risk
of leukaemia increased steadily with proximity to high
voltage power lines of the home they lived in at birth.12
However, this study did not include estimates or meas-
ures of the magnetic field from either the power lines
or other sources. So it provides little evidence that the
increased risk closer to power lines is due to magnetic
fields. Furthermore, its matching of controls to cases
on the basis of administrative areas may have yielded
controls who were not completely representative of the
distance of children’s homes from power lines. Finally,
the risk of childhood leukaemia varies geographically,
so the increased risk closer to power lines may reflect
some other factor that varies geographically. Even if
the effect is causal, it could account for only a tiny pro-
portion of cases.
We don’t yet fully understand the aetiology of
childhood leukaemia. Nevertheless, we are now
reasonably sure that it often involves damage to DNA
before birth—probably in response to infection, chemi-
cals, ionising radiation, or other environmental
exposures.6 These preleukaemic cells are converted
into overt disease after birth if children are
susceptible—because of their genetic make up and
early protection from infection—and experience one
or more further events, often a delayed challenge from
infections. Further insights will almost certainly come
as advancing technology helps us to understand the
molecular events that drive leukaemic changes.
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The national service framework for long term
conditions
Aims to meet psychological, social, and emotional needs in neurological disorders
In March 2005 the UK Department of Healthreleased the national service framework for longterm conditions.1 This framework comprises 11
requirements for improving, over the next 10 years, the
quality of health and social care services for people
with long term neurological conditions: persistent
brain disorders with a wide range of complex physical,
social, and psychological complications. This docu-
ment may go some way towards raising awareness of
some of the greatest unmet needs in the NHS.
The burden of such conditions is huge. Fifteen
years ago the World Health Organization showed that
broadly defined neuropsychiatric disorders were the
most important cause of disability worldwide.w1 Some
10 million people across the United Kingdom have a
neurological condition, and nearly 2 million care for
someone with either a neurological or a mental health
problem.w2
Around half the patients with long term active neu-
rological conditions in the United Kingdom receive no
help beyond that of their general practitioner.2 Unmet
needs reduce quality of life both of patients and carers.3
The needs that are most commonly overlooked are
psychological, psychiatric, and behavioural—often
referred to collectively as “neuropsychiatric” in nature.4
Most of the principles of care are shared across
specialties for people with neurological and psychiatric
disorders. Yet some will disagree with the idea of a
combined strategy for these disorders, especially those
who have trained in the UK, where the two services are
almost entirely separate. Relatively disparate training
and service provision may explain why referrals from
neurology to psychiatry under-represent the burden of
psychiatric comorbidity and why patients’ psychologi-
cal needs may be detected relatively late.5 Conversely,
the detection of important chronic medical conditions
in psychiatric settings is often delayed.w3 Diagnostic
delays seem to be particularly lengthy for conditions
with prominent neuropsychiatric features, such as epi-
lepsy,w4 motor neurone disease,w5 Parkinson’s disease,w6
and Wilson’s disease.w7 Yet, although the new
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